The emergence of symbiotic interactions has been studied using population genomics in 26 nature and experimental evolution in the laboratory, but the parallels between these processes 27 remain unknown. We compared the emergence of rhizobia after the horizontal transfer of a 28 symbiotic plasmid in natural populations of Cupriavidus taiwanensis, over 10 MY ago, with 29 the experimental evolution of symbiotic Ralstonia solanacearum for a few hundred 30 generations. In spite of major differences in terms of time-span, environment, genetic 31 background and phenotypic achievement, both processes resulted in rapid diversification 32 dominated by purifying selection concomitant with acquisition of positively selected 33 mutations. The latter were lacking in the plasmid carrying the genes responsible for the 34 ecological transition. Instead, adaptation targeted the same set of genes leading to the co-35 option of the same quorum-sensing system. Our results provide evidence for similarities in 36 experimental and natural evolutionary transitions and highlight the potential of comparisons 37 between both processes to understand symbiogenesis. 38
We previously generated 18 independent symbiotic lineages of the R. solanacearum 88 GMI1000-pRalta LMG19424 chimeras that nodulate M. pudica 15 . Each lineage was subject to 16 89 successive cycles of evolution in presence of the plant. We isolated one clone in each of the 90 lineages after the final cycle to identify its genetic and phenotypic differences relative to the 91 ancestor. The symbiotic performances of the evolved clones improved in the experiment with 92 wide variations between lineages. Some clones were able to produce nodules massively and 93 intracellularly infected (Fig. 1A ). Yet none of them fixed nitrogen to the benefit of the plant at 94 this stage. In addition to a total of ca. 1200 point mutations relative to the ancestral clones 15 , 95 we detected several large deletions in all clones (Fig. 1A) . The positions of point mutations 96 were different between lineages, but some genes and many functional categories were 97 affected in parallel (Fig. 1B) . In contrast, the deletions showed frequent parallelisms at the 98 nucleotide level. They occurred in homologous regions of the symbiotic plasmid and were 99 systematically flanked by transposable elements that probably mediated their loss by 100 recombination (Table S1 ). 101 Table S1 and other mutations in Table S12 ). B. Number of shared events between 111 lineages, i.e. the number of positions, genes, and COG categories of genes that were mutated in 112 two or more lineages. 113 We sequenced, or collected from public databanks, the genomes of 58 Cupriavidus strains to 114 study the genetic changes associated with the natural emergence of Mimosa symbionts in the 115 genus and to compare them with those observed in the experiment (see supplementary Text 116 S1 and associated tables for data sources, coverage, and details of the results). The phylogeny 117 of the genus core genome was well resolved, showing that 44 out of the 46 genomes with the 118 nod and nif genes were in the monophyletic C. taiwanensis clade (Fig. 2) . The two 119 exceptions, strains UYPR2.512 and amp6, were placed afar from this clade in the 120 phylogenetic tree and are clearly distinct species. C. taiwanensis strains are bona fide 121 symbionts since they fixed nitrogen in symbiosis with M. pudica 20, 21 . Unexpectedly, the 122 average nucleotide identity (ANIb) values between C. taiwanensis strains were often lower 123 than 94%, showing the existence of abundant polymorphism and suggesting that C. 124 taiwanensis is not a single species, but a complex of several closely related ones ( Fig. 2 and 125 S1, Text S1, Table S2 ). Together, C. taiwanensis strains had a core genome of 3568 protein 126
families and an open pan genome, 3.4 times larger than the average genome. Hence, this 127 complex of species has very diverse gene repertoires. 128 Symbols: Ct, C2, C3 and Cg: LCA of clades analyzed in this study. p (in a blue circle): plasmid 141 re-sequenced by PacBio. *: two rhizobia are not part of C. taiwanensis. **: C. taiwanensis 142 reference strain used as pivot to compute searches of orthologs. † In the PacBio version of this 143 genome imuABC is very similar to that of the reference strain, but is encoded in another 144 plasmid.
Parallel patterns of evolution upon the acquisition of the symbiotic plasmid
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To compare the initial stages of adaptation in natural populations with those in experimental 147 populations, we searched to identify when the rhizobial character (defined by the presence of 148 the key symbiotic genes nod and nif/fix), was acquired in the genus Cupriavidus (Figs. 2 and 149 S2). The most parsimonious reconstruction of the character in the phylogenetic tree revealed 150 three independent transitions towards symbiosis: in the branch connecting the last common 151 ancestor of C. taiwanensis and its immediate ancestor (branch before LCA Ct , hereafter named 152 bLCA Ct ), and in the terminal branches leading to strains UYPR2.512 and amp6. In agreement 153 with these conclusions, we found very few homologs of the 514 pRalta LMG19424 genes in the 154 genomes of UYPR2.512 (8.3 %) or amp6 (6.4%) once the 32 symbiotic genes were excluded 155 from the analysis. These few homologs in the plasmid also showed significantly lower values 156 of sequence similarity than the core genes of the genus (p<0.01, Wilcoxon test). We then used 157 birth-death models to identify the acquisitions of genes in the branch bLCA Ct (Fig. 2 , Table  158 S3). This analysis highlighted a set of 435 gene acquisitions that were present in 159 pRalta LMG19424 , over-representing functions such as symbiosis, plasmid biology, and type 4 160 secretion system (Table S4 ). These results are consistent with a single initial acquisition of the 161 plasmid in this clade. PacBio resequencing of five strains representative of the main lineages, 162 putative novel species, of C. taiwanensis confirmed the ubiquitous presence of a variant of 163 pRalta encoding the symbiotic genes (Table S5 ). Finally, while most individual C. 164 taiwanensis core gene trees showed some level of incongruence with the concatenate core 165 genome tree, an indication of recombination, this frequency was actually lower in the core 166 genes of the plasmid (p<0.04, Fisher's exact test). Similarly, there were fewer signals of 167 intragenic recombination in plasmid core genes (PHI, p<0.001, same test). This suggests that 168 the plasmid inheritance was mostly vertical within C. taiwanensis. We thus concluded that the 169 three rhizobial clades evolved independently and that the acquisition of the ancestral 170 symbiotic plasmid of C. taiwanensis should be placed at the branch bLCA Ct . The date of 171 plasmid acquisition was estimated using a 16S rRNA clock in the range 12-16 MY ago. experimental and natural adaptation should be most striking at the branch bLCA Ct , i.e., during 177 the onset of natural evolution towards symbiosis. The evolution experiment showed transient 178 hypermutagenesis caused by the expression of the imuA2B2C2 plasmid cassette ex planta 19 . 179
The long timespan since the acquisition of the plasmid precluded the analysis of accelerated 180 evolution in the branch bLCA Ct (relative to others). Yet, we were able to identify the 181 imuA2B2C2 cassette in most extant strains, suggesting that they could have played a role in 182 the symbiotic evolution of Cupriavidus. We then searched for genes with an excess of 183 recombination or nucleotide diversity in the branch bLCA Ct , which revealed 90 recombining 184 genes and 67 genes with an excess of genetic diversity in this branch relative to the C. 185 taiwanensis sub-tree ( Fig. S3 and Table S3 ). To identify the parallels between the 186 experimental and natural processes, we identified the 2372 orthologs between the R. 187 solanacearum and C. taiwanensis (Table S6) , and added the 514 pRALTA genes in the 188 chimera as orthologs. Clones of the evolution experiment accumulated significantly more 189 mutations in genes whose orthologs had an excess of polymorphism at the onset of symbiosis Table S9 ). Natural populations also showed more deletions in the 203 plasmid, since from the 413 genes present in pRalta LMG19424 and inferred to be present in 204 LCA Ct only 12% were in the core genome, which is 6 times less than found among the 205 chromosomal genes present in C. taiwanensis LMG19424 and inferred to be present in LCA Ct 206 (p<0.001, Fisher's exact test, Fig. 3B ). The few pRalta LMG19424 core genes are related to the 207 symbiosis or to typical plasmid functions (conjugation) (Fig. 3 ). The rate of recombination 208 could not be measured on the genomes from the experiments because it is undetectable at this 209 level of sequence similarity between clones (which presumably makes it less important as 210 driver of diversification). The few plasmid core genes show lower recombination rates (PHI 211 and SH analyses,both p<0.01) than the chromosomal ones. 
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To evaluate whether the observed rapid plasmid diversification was driving the adaptation to 231 symbiosis in natura, we compared the rates of positive selection on plasmid and 232 chromosomal genes in C. taiwanensis. We identified 325 genes under positive selection in the 233 clade, and 46 specifically in the branch leading to LCA Ct (analysis of 1869 and 1676 core 234 genes lacking evidence of recombination using PHI, respectively, Table S3 ). Surprisingly, all 235 325 genes under positive selection were chromosomal (none was found among the core genes 236 of the plasmid, Fig. 3E ). In parallel, all mutations previously identified as adaptive in the 237 evolution experiment were chromosomal 13,17,18 . Since our previous analyses of mutations 238 identified in the evolution experiment only focused on strongly adaptive genes, we evaluated 239 the impact of pRalta LMG19424 mutations on the symbiotic evolution of R. solanacearum by 240
replacing the evolved plasmid with the original pRalta LMG19424 in three evolved clones (B16, 241 G16 and I16, thus generating strains B16-op, G16-op and I16-op, respectively). The relative 242 in planta fitness of the new chimeras harboring the original plasmid were not significantly 243 different from that of the experimentally evolved clones ( Fig. 3F) , showing that the adaptation 244 of these strains did not involve mutations in the plasmid. Importantly, the original chimera 245 had similar survival rates with and without the plasmid, suggesting that presence of the 246 plasmid does not impact bacterial fitness in this respect (Tables S10 and S11). Although we 247 cannot exclude that some events of positive selection in the plasmid may have passed 248 undetected, nor that further symbiotic evolution of R. solanacearum will involve plasmid 249 mutations, it appears that the genetic changes leading to improvement of the symbiotic traits 250 mainly occurred in the chromosomes of R. solanacearum in the experiment, and of C. 251 taiwanensis in nature, not on the plasmid carrying the symbiotic traits. 252
Parallel co--option of regulatory circuits
253
We identified 436 genes with non-synonymous or non-sense mutations in the experiment 254 (Table S12) 
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We first turned our attention to the T3SS because its inactivation was required to activate 277 symbiosis in the evolution experiment, presumably because some T3SS effectors block 278 nodulation and early infection 13 . In contrast, the emergence of legume symbiosis in natura 279 seems to be associated with the acquisition of T3SS since all rhizobial Cupriavidus strains of 280 our sample encode a (chromosomal) T3SS, while most of the other Cupriavidus strains do not 281 ( Fig. 2) . This apparent contradiction is solved by the fact that we could not find a single 282 ortholog of the 77 T3SS effectors of R. solanacearum GMI1000 in C. taiwanensis symbiosis of the latter with M. pudica 24 , the only plant species used in the evolution 285 experiment. 286
We then focused on PhcA-associated genes since they accumulated an excess of mutations in 287 the experiment (Table S13 ). The phc system, which was only found intact in Cupriavidus and 288
Ralstonia (Table S14) , regulates a reversible switch between two different physiological 289 states via the repression of the central regulator PhcA in Ralstonia 23 and Cupriavidus 25 . 290 Interestingly, PhcA-associated genes were also enriched in substitutions in natura. Indeed, the 291 phcBQRS genes of the cell density-sensing system were among the 67 genes that exhibited an 292 excess of nucleotide diversity in the branch bLCA Ct relative to C. taiwanensis ("phcA-linked" 293 in Table S4 ). Strikingly, only seven genes showing an excess of diversity at bLCA Ct had 294 orthologs with mutations in the evolution experiment. Among these seven, only two also 295 showed signature of positive selection in C. taiwanensis: phcB and phcS (ongoing events, 296 Table S3 ). 297
Given the parallels between experimental and natural evolution regarding an over-298 representation of changes in PhcA-associated genes, we enquired on the possibility that 299 mutations in the phcB, phcQ and phcS genes, detected in the evolved E16, K16 and M16 300 clones capable of nodule cell infection were adaptive for symbiosis with M. pudica. For this, 301
we introduced the mutated alleles of these genes in their respective nodulating ancestors, 302 CBM212, CBM349 and CBM356, and the wild-type allele in the evolved clones E16, K16 303 and M5 (M5 was used instead of M16, since genetic transformation failed in the latter clone 304 in spite of many trials). Competition experiments between the pairs of clones harboring the 305 wild type or the mutant alleles confirmed that these mutations were adaptive (Fig. 4B ). The 306 evolved clones also showed better infectivity, since they contained more bacteria per nodule 307 ( Fig. S5 ). On the other hand, we found that the Phc system plays a role in the natural C. 308 taiwanensis-M. pudica symbiosis: a phcA deletion mutant had lower nodulation 309 competitiveness than the wild-type C. taiwanensis (Fig. 4B ), and lower infectiveness ( The plasmid carrying the essential nod and nif genes drove the transition towards symbiosis in 336 both processes. We expected that plasmid genes would show evidence of adaptation, either at 337 the level of gene expression regulation or biochemical fine-tuning, to the novel genetic 338 background and environmental conditions. Instead, the abundant substitutions observed in the 339 plasmid seem to have a negligible role in the experiment and lack evidence of positive 340 selection in nature. The cost of the plasmid has also not changed during the experiment. This 341 suggests that the symbiotic genes acquired by C. taiwanensis in nature were already -like in 342 the experiment -pre-adapted to establish a symbiotic association with Mimosa species. It is in 343 agreement with proposals that pRalta was acquired from Burkholderia 26 , which are ancient 344 symbionts of Mimosa spp. 27 . This also suggests that adaptation following the acquisition of a 345 large plasmid encoding traits driving ecological shifts does not require plasmid evolution. The 346 fact that genetic adaptation to this novel complex trait only occurred in the background is a 
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Instead of affecting directly the novel genetic information, adaptive mutations seem to have 354 centered on the rewiring of regulatory modules to inactivate or co-opt native functions for the 355 novel trait. We previously showed that loss of the ability to express the T3SS was strictly 356 necessary for the early transition towards symbiosis in the experiment 13 , and that subsequent 357 adaptation favored the re-use of regulatory modules leading to massive metabolic and 358 transcriptomic changes 17 . These phenotypic shifts occurred via mutations targeting regulatory 359 genes specific to Ralstonia (e.g., hrpG, prhI, efpR, Rsc0965), which finely control the 360 expression of many virulence determinants 23,28,29 . Here, from the analysis of orthologs 361 between R. solanacearum and C. taiwanensis, we showed that several genes in the phcBQRS 362 operon both exhibited significant positive selection in C. taiwanensis populations and 363 accumulated adaptive mutations in the evolution experiment. In R. solanacearum, these genes 364 control the activity of the global virulence regulator PhcA via a cell density-dependent 365 mechanism 30 . Mutations in these genetic regulators are unlikely to cause adaptation by that adaptive mutations in the experiment and high diversification in nature on phc genes after 370 the acquisition of pRalta may reflect the re-wiring of a quorum-sensing system to sense the 371 environment for cues of when to express the novel mutualistic dialogue with eukaryotes. Therefore, experimental evolution appears not only useful to demonstrate the biological 385 plausibility of theoretical models in evolutionary biology, but also to enlighten the natural 386 history of complex adaptation processes. 387 (three ancestors and 18 evolved clones) 15 . We analyzed all the synonymous and non-392 synonymous mutations of each clone from these datasets (Table S12 ). Large deletions above 393 1 kb were first listed based on the absence of Illumina reads in these regions, and were then 394 validated by PCR amplification using specific primers listed in Table S15 . Primers were 395 designed to amplify either one or several small fragments of the putative deleted regions or 396 the junction of these deletions. All primer pairs were tested on all ancestors and final clones 397 (Table S1) . 398
Mutant construction. The pRalta in evolved Ralstonia clones B16, G16 and I16 or their 399 derivatives, was replaced by the wild-type pRalta of C. taiwanensis LMG19424 strain as 400 previously described 15 , generating B16-op, G16-op and I16-op. Wild-type alleles of the 401 phcB, phcQ and phcS genes and constitutively expressed reporter genes (GFP, mCherry) were 402 introduced into Ralstonia evolved clones using the MuGent technique 32 . Briefly, this 403 technique consisted in the co-transformation of two DNA fragments, one fragment carrying a 404 kanamycin resistance cassette together with a gene coding a fluorophore and one unlabelled 405 PCR fragment of ca. 6 kb carrying the point mutation to introduce, as previously described 17 . 406
Co-transformants were first selected on kanamycin, then screened by PCR for the presence of 407 the point mutation. M5, which possesses the phcS mutation, was used instead of M16 since 408 M16 is no more transformable. 409
To construct the phcA deletion mutant of LMG19424, we used the pGPI-SceI/pDAI-SceI 410 technique previously described 33 . Briefly the regions upstream and downstream phcA were 411 amplified with the oCBM3413-3414 and oCBM3415-3416 primer pairs and the Phusion 412 DNA polymerase (Thermo Fisher scientific). The two PCR products were digested with XbaI-413
BamHI and BamHI-EcoRI respectively and cloned into the pGPI-SceI plasmid digested by 414
XbaI and EcoRI. The resulting plasmid was introduced into LMG19424 by triparental mating 415 using the pRK2013 as helper plasmid. Deletion mutant were obtained after introduction of the 416 pDAI-SceI plasmid encoding the I-SceI nuclease. LMG19424 phcA deletion mutants were 417 verified by PCR using the oCBM3417-3418 and oCBM3419-3420 primer pairs 418 corresponding to external and internal regions of phcA, respectively. Oligonucleotides used in 419 these constructions are listed in Table S16. relative fitness, a mix of two strains bearing different antibiotic resistance genes or 423 fluorophores (5.10 5 bacteria of each strain per plant) were inoculated to 20 plants. Nodules 424 were harvested 21 days after inoculation, pooled, surface sterilized and crushed. Dilutions of 425 nodule crushes were spread on selective plates, incubated two days at 28°C, then colonies 426 were counted using a fluorescent stereo zoom microscope V16 (Zeiss) when needed. Three 427 independent experiments were performed for each competition. 428
Public genome dataset. We collected 13 genomes of Cupriavidus spp. (including three 429 rhizobia) and 31 of Ralstonia from GenBank RefSeq and the MicroScope platform 430 (http://www.genoscope.cns.fr/agc/microscope/home/) as available in September 2015. We 431 removed the genomes that seemed incomplete or of poor quality, notably those smaller than 5 432
Mb and with L90>150 (defined as the smallest number of contigs whose cumulated length 433 accounts for 90 % of the genome). All accession numbers are given in Table S17 The genomes were subsequently processed by the MicroScope pipeline for complete 460 structural and functional annotation 39 . Gene prediction was performed using the AMIGene 461 software 40 and the microbial gene finding program Prodigal 41 known for its capability to 462 locate the translation initiation site with great accuracy. The RNAmmer 42 and tRNAscan-SE 463 43 programs were used to predict rRNA and tRNA-encoding genes, respectively. Genome 464 sequence and annotation was made publicly available (see accession numbers in Table S17 ). 465
PacBio sequencing. Library preparation and sequencing were performed according to the 466 manufacturer's instructions "Shared protocol-20kb Template Preparation Using BluePippin 467
Size Selection system (15kb-size cutoff)". At each step DNA was quantified using the Qubit 468 dsDNA HS Assay Kit (Life Technologies). DNA purity was tested using the nanodrop 469 (Thermofisher) and size distribution and degradation assessed using the Fragment analyzer 470 (AATI) High Sensitivity DNA Fragment Analysis Kit. Purification steps were performed 471 using 0.45X AMPure PB beads (Pacbio). 10µg of DNA was purified then sheared at 40kb 472 using the meraruptor system (diagenode). A DNA and END damage repair step was 473 performed on 5µg of sample. Then blunt hairpin adapters were ligated to the library. The 474 library was treated with an exonuclease cocktail to digest unligated DNA fragments. A size 475 selection step using a 13-15kb cutoff was performed on the BluePippin Size Selection system 476 (Sage Science) with the 0.75% agarose cassettes, Marker S1 high Pass 15-20kb. 477
Conditioned Sequencing Primer V2 was annealed to the size-selected SMRTbell. The 478 annealed library was then bound to the P6-C4 polymerase using a ratio of polymerase to 479 SMRTbell at 10:1. Then after a magnetic bead-loading step (OCPW), SMRTbell libraries 480 were sequenced on RSII instrument at 0.2nM with a 360 min movie. One SMRTcell was used 481 for sequencing each library. Sequencing results were validated and provided by the Integrated 482 next generation sequencing storage and processing environment NG6 accessible in the 483 genomic core facility website 44 . 484 taiwanensis LMG19424 or R. solanacearum GMI1000 (when the previous was not in the sub-487 clade) as a pivot (indicated by ** on Fig. S1A ) and each of the other 88 proteomes 45 . Hits 488 with less than 40 % similarity in amino acid sequence or more than a third of difference in 489 protein length were discarded. The lists of orthologs were filtered using positional 490 information. Positional orthologs were defined as RBH adjacent to at least two other pairs of 491 RBH within a neighbourhood of ten genes (five up-and five down-stream). We made several 492 sets of core genomes (see Fig. S1A ): all the 89 strains (A1), 44 C. taiwanensis (Ct), Ct with 493 the closest outgroup (C2), Ct with the five closest outgroups (C3), the whole 60 genomes of 494 the genus Cupriavidus (Cg), and the 14 genomes of R. solanacearum (Rs). They were defined 495 as the intersection of the lists of positional orthologs between the relevant pairs of genomes 496 and the pivot (Table S18) . 497
Pan genomes. Pan genomes describe the full complement of genes in a clade and were 498 computed by clustering homologous proteins in gene families. Putative homologs between 499 pairs of genomes were determined with blastp v2.2.18 (80 % coverage), and evalues (if 500 smaller than 10 -4 ) were used to infer protein families using SiLiX (v1.2.8, http://lbbe.univ-501 lyon1.fr/SiLiX) 46 . To decrease the number of paralogs in pan genomes, we defined a minimal 502 identity threshold between homologs for each set. For this, we built the distribution of 503 identities for the positional orthologs of core genomes between the pivot and the most distant 504 genome in the set (Fig. S7) , and defined an appropriate threshold in order to include nearly all 505 core genes but few paralogs (Table S19) . 506
Alignment and phylogenetic analyses. Multiple alignments were performed on protein 507 sequences using Muscle v3.8.31 47 , and back-translated to DNA. We analyzed how the 508 concatenated alignment of core genes fitted different models of protein or DNA evolution 509 using IQ-TREE v1.3.8 48 . The best model was determined using the Bayesian information 510 criterion (BIC). Maximum likelihood trees were then computed with IQ-TREE v1.3.8 using 511 the appropriate model, and validated via a ultrafast bootstrap procedure with 1000 replicates 512 49 (Table S18 ). The maximum likelihood trees of each set of core genes were computed with 513 IQ-TREE v1.3.8 using the best model obtained for the concatenated multiple alignment. 514
In order to root the phylogeny based on core genes, we first built a tree using 16S rRNA 515 sequences of the genomes of Ralstonia and Cupriavidus genera analysed in this study and of ten outgroup genomes of b-Proteobacteria. For this, we made a multiple alignment of the 16S 517 sequences with INFERNAL v.1.1 (with default parameter) 50 using RF00177 Rfam model 518 (v.12.1) 51 , followed by manual correction with SEAVIEW to removed poorly aligned 519 regions. The tree was computed by maximum likelihood with IQ-TREE using the best model 520 (GTR+I+G4), and validated via an ultrafast bootstrap procedure with 1000 replicates. 521
To date the acquisition of the symbiotic plasmid in the branch bLCA Ct , we computed the 522 distances in the 16S rDNA tree between each strain and each of the nodes delimitating the 523 branch bLCA Ct (respectively LCA Ct and C2 in Fig. 2) . The substitution rate of 16S in 524 enterobacteria was estimated at ~1% per 50 MY of divergence 52 , and we used this value as a 525 reference. 526
Orthologs and pseudogenes of symbiotic genes, the mutagenic cassette, T3SS and 527
PhcABQRS. We identified the positional orthologs of Cg for symbiotic genes, the mutagenic 528 cassette, T3SS, and PhcABQRS using RBH and C. taiwanensis LMG19424 as a pivot (such 529 as defined above). These analyses identify bona fide orthologs in most cases (especially 530 within species), and provide a solid basis for phylogenetic analyses. However, they may miss 531 genes that evolve fast, change location following genome rearrangements, or that are affected 532 by sequence assembling (incomplete genes, small contigs without gene context, etc.). They 533 also miss pseudogenes. Hence, we used a complementary approach to analyze in detail the 534 genes of the symbiotic island in the plasmid, the mutagenic cassette, T3SS and PhcABQRS. 535
Indeed, we searched for homologs of each gene in the reference genome in the other genomes 536 using LAST v744 53 and a score penalty of 15 for frameshifts. We discarded hits with evalues 537 below 10 -5 , with less than 40 % similarity in sequence, or aligning less than 50 % of the 538 query. In order to remove most paralogs, we plotted values of similarity and patristic 539 distances between the 59 Cupriavidus and the reference strain C. taiwanensis LMG19424 for 540 each gene. We then manually refined the annotation using this analysis. 541
Evolution of gene families. We used Count (version downloaded in December 2015) 54 to 542 study the past history of transfer, loss and duplication of the protein families of the pan 543 genomes. The analysis was done using the core genomes reference phylogenies. We tested 544 different models of gene content evolution using the tree of Cg (Table S18) , and selected the 545 best model using the Akaike information criterion (AIC) ( Table S19 ). We computed the 546 posterior probabilities for the state of the gene family repertoire at inner nodes with maximum 547 likelihood and used a probability cutoff of 0.5 to infer the dynamics of gene families, notably presence, gain, loss, reduction, and expansion for the branch leading to the last common 549 ancestor (LCA) of C. taiwanensis (LCA Ct ). 550
Measures of similarity between genomes. For each pair of genomes, we computed two 551 measures of similarity, one based on gene repertoires and another based on the sequence 552 similarity between two genomes. The gene repertoire relatedness (GRR) was computed as the 553 number of positional orthologs shared by two genomes divided by the number of genes in the 554 smallest one 55 . Pairwise average nucleotide identities (ANIb) were calculated using the pyani 555
Python3 module (https://github.com/widdowquinn/pyani), with default parameters 56 . We 556 used single-linkage clustering to group strains likely to belong to the same species. This was 557 done constructing a transitive closure of sequences with an ANIb higher than a particular 558 threshold (i.e., >94%, 95% or 96%). We used BioLayout Express 3D to visualize the graphs 559 representing the ANIb relationships and the resulting groups for each threshold (Fig. S8) . 560
Inference of recombination. We identified recombination events using three different 561 approaches. We used the pairwise homoplasy index (PHI) test to look for incongruence 562 within each core gene multiple alignment (Ct and C3 datasets). We made 10,000 permutations 563 to assess the statistical significance of the results 57 . We used the SH-test, as implemented in 564 IQ-TREE v1.3.8 48 (GTR+I+G4 model, 1000 RELL replicates), to identify incongruence 565 between the trees of each core gene and the concatenated multiple alignment of all core genes. 566
We used ClonalFrameML v10.7.5 58 to infer recombination and mutational events in the 567 branch leading to the LCA Ct using the phylogenetic tree of C3 (Table S18 ). The 568 transition/transversion ratios given as a parameter to ClonalFrameML were estimated with the 569 R package PopGenome v2.1.6 59 . Lastly, ClonalFrameML was also used to compare the 570 relative frequency of recombination and mutation on the whole concatenated alignments of Ct 571 and Rs. 572
Molecular diversity and adaptation. Positive selection was identified using likelihood ratio 573 tests by comparing the M7 (beta) -M8 (beta&ω) models of codeml using PAML v4.8 60 . We 574 used the independent phylogenetic tree of each gene family to avoid problems associated with 575 horizontal transfer (since many genes failed the SH-test for congruence with the core genome 576 phylogenetic tree). We removed from the analysis gene families that had incongruent 577 phylogenetic signals within the multiple alignment 61 . These correspond to the families for build with the core genome of C3 (Ct and the five closest outgroups). First, we used 581 ClonalFrameML to reconstruct the ancestral sequences of LCA Ct and LCA C2 (accounting for 582 recombination). Then, we estimated nucleotide diversity of each core gene for Ct, and 583 between LCA Ct and LCA C2 using the R package pegas. Finally, we used the branch-site model 584 of codeml to identify positive selection on this branch for the core genes of C3 that lacked 585 evidence of intragenic recombination (detected using PHI). 586
To infer the extent of purifying selection for Ct, we computed dN/dS values for each core 587 genes between C. taiwanensis LMG19424 and the others strains of Ct using the yn00 model 588 of PAML v4.8. We then plotted the average dN/dS of each strains with the patristic distances 589 obtained from the tree of the concatenated multiple alignment of all core genes. 590 (Tables S3 and S8 ). Protein subcellular localizations were predicted using PSORTb 597 v3.0.2 (http://www.psort.org/psortb/) 63 . Transporters and regulatory proteins were inferred 598 using TransportDB (http://www.membranetransport.org/) 64 and P2RP (http://www.p2rp.org/) 599 65 , respectively. Protein secretion systems were identified using TXSScan 600 (http://mobyle.pasteur.fr/cgi-bin/portal.py#forms::txsscan) 66 . We manually checked and 601 corrected the lists. Specific annotations were also defined for (i) R. solanacearum GMI1000: 602 Type III effectors 67 , PhcA-associated genes (i.e., genes involved in the upstream regulatory 603 cascade controlling the expression of phcA, and genes directly controlled by PhcA) 23,68,69 , 604 virulence 70 , extracellular polysaccharides (EPS) 69,71 , chemotaxis 72 , twin-arginine 605 translocation pathway (Tat) 73 , Tat-secreted protein 74 , and (ii) the pRalta of C. taiwanensis 606 LMG19424: symbiotic genes 14 , genes pertaining to plasmid biology (conjugation, 607 replication, partition, based on the annotations 75 ), and operons using ProOpDB 608 (http://operons.ibt.unam.mx/OperonPredictor/) 76 . Lastly, we also annotated positional between mutation rates on the three replicons of the chimera, we compared the observed 613 number of synonymous mutations in each replicon to those obtained from simulations of 614 genome evolution. First, we analyzed the distribution of synonymous mutations of the 18 615 final evolved clones in regions of the genome that were covered by sequencing data (some 616 regions with repeats cannot be analyzed without ambiguity in the assignment of mutations). 617
We built the mutation spectrum of the genome using these synonymous mutations, since they 618 are expected to be the least affected by selection. Second, we performed 999 random 619 experiments of genome evolution using the mutation spectrum and the total number of 620 synonymous mutations obtained for the 18 final clones. With the results, we draw the 621 distributions of the expected number of synonymous mutations in each replicon (under the 622 null hypothesis that they occurred randomly). This data was then used to define intervals of 623 confidence around the average values observed in the simulations. 624
Statistical analyses. In order to identify genes that evolved faster in the branch leading to 625 LCA Ct , we compared the nucleotide diversity of sequences for LCA Ct and LCA C2 with those 626 of the extant 44 C. taiwanensis using a regression analysis. Outliers above the regression line 627
were identified using a one-sided prediction interval (p < 0.001) as implemented in JMP 628 (JMP ® , Version 10. SAS Institute Inc., Cary, NC, 1989 NC, -2007 . 629
We computed functional enrichment analyses to identify categories over-represented in a 630 focal set relative to a reference dataset. The categories that were used are listed above in the 631 section Functional annotations. To account for the association of certain genes to multiple 632 functional categories, enrichments were assessed by resampling without replacement the 633 appropriated reference dataset (see Table S20 ) to draw out the expected null distribution for 634 each category. More precisely, we made 999 random samples of the number of genes 635 obtained for each analysis (positive selection, recombination, etc.) in the reference dataset. 636
For each category, we then compared the observed value (in the focal set) to the expected 637 distribution (in the reference dataset) to compute a p-value based on the number of random 638 samples of the reference dataset that showed higher number of genes from the category. 639
We also compared the nucleotide diversity between sets of genes using the nonparametric 640
Wilcoxon rank sum test ({stats}, wilcox.test). 641
Finally, we computed Fisher's exact tests (R package {stats}, fisher.test) to estimate the
